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[57] ABSTRACT 
A composition for preparing an electroconductive 
resin with excellent properties of electrical conductiv 
ity, resistance to organic solvent, mechanical strength, 
adhesiveness and ?lm forming property, and said com 

- position consisting of at least: 
alkylene phosphoric esters, alkylene phosphate es 

ters, alkylene sulfonic esters or alkylene sulfonate 
esters of acrylic acid or methacrylic acid; and 

a polyfunctional unsaturated compound having two 
to four polymerizable ethylenically unsaturated 
groups; 

and, if necessary, further containing a polymeric 
material as a ?lm-forming agent and/or a polymer 
izable ethylenically unsaturated compound; and/or 

a polymerization initiator. 

10 Claims, No Drawings 
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COMPOSITION FOR PREPARING 
ELECTROCONDUCTIVE RESIN COMPRISING AN 
UNSATURATED POLYESTER AND PHOSPI‘IORIC 

OR SULFONIC UNSATURATED ESTER 

This is a division of application Ser. No. 201,991, 
?led on Nov. 24, 1971, now US. Pat. No. 3,867,351. 
This invention relates to compositions for preparing 

electroconductive resins. 
Further, the invention relates to the compositions 

used to prepare novel electroconductive resins each 
having good electric conductivity, resistance to organic 
solvent, mechanical properties, adhesive property and 
?lm forming property. 
A superior electroconductive resin has long been 

looked for in order to prepare good electroconductive 
paper. In the prior art, a method is well known in which 
a resin consisting of polymerized vinyl henzyl quater 
nary ammonium compound is dispersible in water, and 
thereafter the medium, water, is vaporized to obtain an 
electroconductive ?lm on a substrate. However, selec 
tion of reaction conditions to obtain reaction products 
free from gelation is very dif?cult, therefore the ob 
tained products are very expensive. Furthermore, the 
obtained electroconductive ?lm has very low electric 
conductivity, such as l X 10*‘ to l X 109 ohms in the 
surface speci?c resistance and l. X 108 to l X 109 ohms 
cm in the volume speci?c resistance in air having a 
relative humidity of about 50%. Still more, the electri 
cal conductivity of the product is largely dependent 
upon change of the relative humidity. For example, the 
surface speci?c resistance of such electroconductive 
?lm in air having a relative humidity of about 30% 
becomes 1 X 109 to l X l0lo ohms which is as much as 
ten to a hundred times as large as the aforementioned 
value. Further, resistance to organic solvent and me 
chanical properties are inferior becasue such ?lm is 
formed by means of the evaporation of the solvent 
used. 
Accordingly, the object of the present invention is to 

remove the above~mentioned disadvantages of the or 
dinarily known electroconductive resin. In other words, 
the object of the invention is primarily to provide a 
composition for preparing electroconductive resins 
with good electrical conductivity. Further the object of 
the invention is to provide a composition from which a 
novel and superior electroconductive resin can be pre 
pared very easily and economically, in which resistance 
of organic solvent, the mechanical properties and the 
adhesive property of the obtained ?lm therefrom are 
excellent, and the time required for the ?lm forming 
step is short. 
As the result of the extensive studies on the above 

mentioned objects, the inventors of the present inven 
tion have accomplished the objects of the invention. 
That is, the composition of the present invention 

essentially comprises (A) alkylene phosphoric esters, 
alkylene phosphate esters, alkylene sulfonic esters or 
alkylene sulfonate esters of acrylic acid or methacrylic 
acid, and (B) polyfunctional unsaturated'compound 
having two or more polymerizable ethylenically unsatu 
rated groups. The composition of the present invention 
further comprises, (C) polymeric materials as a ?lm 
forming agent which is miscible with the above-men 
tioned (A) and (B) components, (D) polymerizable 
ethylenically unsaturated compounds and/or (E) poly 
merization initiators. 
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2 
The alkylene phosphoric ester or alkylene phosphate 

ester of acrylic acid or methacrylic acid is represented 
by the following general formula: 

O 

and the alkylene sulfonic ester of alkylene sulfonate 
ester of acrylic acid or methacrylic acid is represented 
by the following general formula: 

in which R‘ is hydrogen or a methyl group, R2 is an 
alkylene group having 1 to 4 carbon atoms, R“ is an 
alkylene group having 1 to 5 carbon atoms. and each of 
Ml and M2 is hydrogen. a monovalent metal, ammo 
nium or mo'noamine. Ml and M2 are not necessarily the 
same. These esters of this invention can be used singly 
or as a mixture. The term “alkylene” referred to herein 
means a divalent saturated hydrocarbon or a divalent 
halogen substituted saturated hydrocarbon. 
The alkylene phosphoric esters of acrylic acid and 

methacrylic acid which may be used for the composi 
tion of the present invention are, for example. phos— 
phoric ethylene acrylate, phosphoric ethylene metha 
crylate, phosphoric trimethylcne acrylate, phosphoric 
isopropylene methacrylate, phosphoric trimethylene 
methacrylate, phosphoric tetramethylene methacryl 
ate, phosphoric l-chloromethyl'ethylene methacrylate, 
phosphoric-bis—ethylene acrylate), phosphoric~bis— 
ethylene methacrylate), phosphoricbis-trimethylene 
acrylate), phosphoric-bis-—isopropylene methacryl 
ate), phosphoric-bis—trimethylene methacrylate), 
phosphoric#bis—tetramethylene acrylate), and phos 
phoric~bis-tetramethylene methacrylate). If the num 
ber of carbon atoms in the alkylene groups of the above 
compounds is more than four, the reactivity of the 
ethylenically unsaturated group of the ester is lowered, 
and the film forming property may almost be lost. 
As for the alkylene sulfonic esters of acrylic acid and 

methacrylic acid which can be used for the composi 
tion of the present invention, for example, sulfomethy 
lene acrylate, sulfoethylene acrylate, sulfoethylene 
methacrylate, sulfotrimethylene acrylate, sulfoisopro 
pylene acrylate, sulfotrimethylene methacylate, sul 
fotetramethylene acrylate, sulfobutylene methacrylate, 
and sulfopentamcthylene acrylate are noted. If the 
number of carbon atoms in the alkylene groups of the 
above compounds is more than ?ve, the reactivity of 
the ethylenically unsaturated group of the esters is 
lowered and the ?lm-forming property may also be lost. 
The alkylene phosphate esters can be prepared by 

neutralizing the alkylene phosphoric esters with inor 
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ganic or organic bases. In like manner, the alkylene 
sulfonate ester may be obtained by neutralizing the 
alkylene sulfonic esters with inorganic or organic bases. 
The above-described neutralization can be carried 

out by using monovalent metallic bases, for example, 
sodium hydroxide, lithium hydroxide, potassium hy 
droxide and silver perchlorate. 

Further, ammonia, alphatic monoamincs and cyclic 
monoamincs can be used for the neutralization. For 
example, monomethylamine, dimethylamine, trimeth 
ylamine, monoethylamine, diethylamine, triethyl 
amine, n-butylamine, monoethanolamine, dicthanol 
amine and triethanolaminc as aliphatic monoamines; 
and pyridine, aniline, morpholinc, and pipcridiene as 
aromatic monoamines, are exempli?ed. These bases 
can be used alone or as a mixture of them. 
This neutralization may be carried out by means of 

the known method. The amount of the above-men 
tioned esters to be used for the composition is in the 
range of 5 to 95% by weight, and preferably in the 
range of 10 to 70% by weight. 
As for the polyfunctional unsaturated compounds 

each having two or more polymerizable ethylenically 
unsaturated groups which can be used for the composi 
tion of the present invention, unsaturated urethane 
compounds each having two or more ethylenically 
unsaturated groups which are prepared from ethyleni 
cally unsaturated compounds each having one hydroxyl 
group and polyisocyanate compounds each having two 
or three isocyanate groups or addition products of 
polyisocyanate compounds each having two or three of 
isocyanate groups with polyhydric alcohols each having 
two to four of hydroxyl groups; unsaturated polyesters 
which are prepared from ethylenically unsaturated 
compounds each having one carboxyl group and poly 
hydric alcohols each having two to four hydroxyl 
groups; N,N'-alkylene-bis—acryl amides), in which 
alkylene group is methylene or ethylene, N,N’-alky 
lcnc-bis—methacryl amides) in which alkylene group is 
methylene or ethylene, dimaleimide and diallyl esters 
of dicarboxylic acids are exempli?ed. 

it the above-mentioned polyfunctional compounds 
are not used in the composition, the eompostion cannot 
be polymerized, accordingly and, the electroconduc 
tive ?lm cannot be obtained. The amount of the poly 
functional unsaturated compounds used for the compo 
sition of the present invention may be in the range of 5 
to 95% by weight, and preferably in the range of 30 to 
90% by weight. 
The ethylenically unsaturated compounds each hav 

ing one hydroxyl group for the preparation of the 
above-mentioned unsaturated urethane compounds 
used for the composition of the invention are allyl alco 
hol, methallyl alcohol and N-methylol acrylamide, 
those which are represented by the following general 
formula: 

in which each of R4 and R5 are hydrogen or methyl 
group respectively. The above compounds are hydrox 
yalkyl esters of acrylic acid or methacrylic acid, for 
example, one member or a mixture of two or more of 

the group comprising of 2-hydroxyethyl acrylate, 2 
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4 
hydroxypropyl acrylate, 2-hydroxyethyl methacrylate 
and 2-hydroxypropyl methacrylate. 7 
As for the polyisocyanate compounds, one member 

or a mixture of two or more of the groupcomprising, 
for example, tolylene diisocyanate, diphenylmethane 
diisocyanate, xylene diisocyanate, hexamethylene di 
isocyanate, pentamethylene diisocyanate, naphthylene 
l,5-diisocyanate, 3,3'-dimethyldiphenyl-4,4'-diisocya 
nate and polymcthylene polyphenylene isocyanate, can 
be used. 
The isocyanate compounds (e.g. hexamethylene di— 

isocyanate) in which two isocyanate groups react at the 
same or nearer the same rate cause the gelation by 
cross-linking reaction of diisocyanate compounds with 
polyhydric alcohols. Therefore, such diisocyanate com 
pounds must be used by mixing other polyisocyanate 
(e.g. tolylene diisocyanate, polymethylene polyphenyl 
ene isocyanate) in which one of the isocyanate groups 
reacts with a hydroxyl group at a much greater rate 
than does its other isocyanate group. 
The addition reaction of hydroxyl group with isocya 

nate group may be carried out by means of well-known 
methods, in which the materials are used in such ratio 
that 1.0 equivalent of the isocyanate group is caused to 
react with 0.67 to 1.0 equivalent of the hydroxyl group 
of the hydroxyalkyl esters. , 

Further, as for the polyhydric alcohols, one member 
or a mixture of two or more of the group comprising, 
for example, ethylene glycol, diethylene glycol, trieth 
ylene glycol, neopentyl glycol, polyethylene glycol, 
triethylene glycol, neopentyl glycol, propylene glycol, 
polypropylene glycol, trimethylol propane, glycerin 
and pentaerythritol can be used. These polyhydric al 
cohols improve the ?lm-forming property, and, in addi 
tion, they control the intermolecular cross-linking den 
sity to improve the mechanical property of the ?lm 
formed. The reaction of these alcohols with isocyanates 
may be carried out by means of the known methods. 

In the case of preparing the unsaturated urethane 
compounds by using the polyhydrie alcohols, the mate 
rials are used in such ratio that 1.0 equivalent of hy 
droxyl group of polyhydrie alcohols is caused to react 
with more than 1.0 equivalent of the isocyanate group, 
and then the residual isocyanate groups is caused to 
react with the same equivalent of the hydroxyl group of 
the hydroxyalkyl esters. 
As for the ethylenically unsaturated compounds hav 

ing one carboxyl group for obtaining the unsaturated 
esters which are used for the composition of the inven 
tion, one member or a mixture of two or more of the 

group comprising, for example, acrylic acid, meth 
acrylic acid, a~chloroacrylic acid and oz-bromoacrylic 
acid can be used. Meanwhile, as for the polyhydric 
alcohols each having two to four of hydroxyl groups for 
the preparation of the esters, one member or a mixture 
of two or more of the group comprising, for example, 
ethylene glycol, diethylene glycol, triethylene glycol, 
polyethylene glycol, neopentyl glycol, propylene glycol 
and polypropylene glycol as dihydrie alcohols, trimeth 
ylol propane and glycerin as trihydric alcohols, and 
pentaerythritol as a tetrahydric alcohol, can be used. 
The esteri?cation may be carried out by means of the 
well-known method, in which the materials are used in 
such ratio that 1 equivalent of the carboxyl group is 
caused to react with l to 2 equivalents of the hydroxyl 
group. 
The number of carbon atoms of the alkylene groups 

contained in N,N’-alkylene bis (acrylamides) or N,N' 
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alkylene bis (methacrylamides) as the polyfunctional 
unsaturated compound is l to 2, and one or a mixture 
of two or more of the group comprising, for example, 
N,N'-methylene bis (acrylamide), N,N'-methylene bis 
(methacrylamide), N,N'-ethylene bis (acrylamide) and 
N,N'~ethylene bis (methacrylamide) may be used. 
Further, the allyl compounds as the polyfunctional 

unsaturated compound for the composition of the in 
vention may be one member or a mixture of two or 

more of the group comprising, for example, diallyl 
phthalate, diallyl maleate and diallyl succinate. 
The mixture of the compounds of the above-men 

tioned groups can also be used as the polyfunctional 
unsaturated compounds of the invention. 
Furthermore, polymeric materials as a ?lm-forming 

agent can be used for the preparation of the composi 
tion of the invention in order to improve the ?lm—form 
ing property and appliability. These polymeric materi 
als must be miscible .with the alkylene phosphoric es 
ters, alkylene phosphate esters, alkylene sulfonic esters 
or alkylene sulfonate esters, and the polyfunctional 
unsaturated compounds, and are used for the composi 
tion in the range of 20 to l30% by weight, preferably 
30 to l 10% by weight, based on total weight of alkylene 
phosphoric esters, alkylene phosphate esters, alkylene 
sulfonic esters or alkylene sulfonate esters and poly 
functional unsaturated compounds. These polymeric 
materials are effective to promote the physical proper 
ties of the electroconductive ?lm, especially when are 
applied on paper or plastic ?lm as a substrate. As such 
polymeric materials, for example, one member or a 
mixture of two or more of the group comprising polyvi 
nyl alcohol, N-vinylpyridine copolymers, butyral resins, 
vinyl acetate copolymers, acrylic resin such as acrylic 
acid copolymers, methacrylic acid copolymers and 
2-hydroxyethyl acrylate copolymers, cellulose deriva 
tives such as cellulose acetate, cellulose acetate phthal 
ate, ethyl cellulose acetate phthalate, ethyl cellulose, 
methyl cellulose and cellulose acetate -N,N’-di-n-butyl 
aminohydroxy propyl ether. 
Furthermore, ethylenically unsaturated compounds 

can be used for the preparation of the composition of 
the invention in order to improve the appliability, ?lm 
forming property and other film properties such as 
electric conductivity and ?exibility of ?lm formed. 
These unsaturated compounds must be miscible with 
the polyfunctional unsaturated compounds and the 
polymeric materials, and are used for the composition 
in the amount of not more than 40% by weight, prefer 
ably not more than 30% by weight based on the total 
weight of alkylene phosphoric esters, alkylene phos 
phate esters, alkylene sulfonic esters or alkylene sulfate 
ester and the polyfunctional unsaturated compounds. 
These ethylenically unsaturated compounds are effec 
tive to promote the cross-linking reaction of the poly 
functional unsaturated compounds with the esters of 
alkylene phosphoric esters, alkylene phosphate esters, 
alkylene sulfonic esters or alkylene sulfonate esters of 
acrylic acid or methacrylic acid. The ethylenically un 
saturated compounds which are liquid or solid at the 
room temperature can be used. As such compounds, 
for example, one member or a mixture of two or more 
of the group comprising the vinyl monomers repre 
sented by the following three general formulas: 

l. styrene and its derivatives 

40 

45 

65 

in which R6 is hydrogen or methyl group and R7 is 
hydrogen, methyl group or chlorine. 

2. acrylic or methacrylic monomers 

in which R“ is hydrogen or methyl group and R" is 
hydrogen, alkyl group having 1 to 16 carbon atoms, 
hydroxyalkyl group having 2 to 3 carbon atoms, glyci 
dyl group and dialkylamino alkyl group 

in which R10 is alkylene group having 1 to 2 carbon 
atoms and R" is an alkyl group of l to 2 carbon atoms;) 
and 

3. vinylidcne compounds 

Rm 

in which R12 is hydrogen or methyl group and R‘3 is 
nitrile group, carbamoyl group, N-methylolcarboamoyl 
group, alkylether-N-methylolcarbamoyl group 
(—CONHCH2OR“; in which RH is alkyl group having 
1 to 4 carbon atoms) or acetoxy group. 
Examples of vinyl monomers (l) are styrene, vinyl 

toluene, 2-methyl styrene and chlorostyrene. 
Examples of vinyl monomers (2) are acrylic acid, 

methacrylic acid, methyl acrylate, methyl methacryl 
ate, butyl acrylate, butyl methacrylate, 2-ethyl hexyl 
acrylate, Z-ethyl hexyl methacrylate, octyl acrylate, 
octyl methacrylate, lauryl methacrylate, Z-hydrox 
yethyl acrylate, 2-hydroxyethyl methacrylate, 2 
hydroxypropyl acrylate, Z-hydroxypropyl methacryl 
ate, glycidyl acrylate, glycidyl methacrylate, dime 
thylaminomethyl acrylate, dimethylaminoethyl metha 
crylate, diethylaminoethyl acrylate and diethylamino 
ethyl methacrylate. 
Examples of vinyl monomers (3) are acrylonitrile, 

methacrylonitrile, acrylamide, methacrylamide, 
ethylether-N-methylol acrylamide, ethylethcnN 
methylol methacrylamide, butylether-N-methylol ac 
rylamide, propylether-N-methylol methacrylamide and 
vinyl acetate. 

In the polymerization reaction of the composition of 
the invention, if the polymerization is initiated by 
means of electron beam and ionizing radiation which 
have sufficient energy to initiate the polymerization 
reaction, the polymerization initiator is not necessary. 
However. in such case the polymerization initiator can 
be used without any trouble. In case the polymerization 
initiator is used for the composition of the invention, 
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the amount thereof may be not more than 10% by 
weight, and preferably not more than 5% by weight 
based on the total weight of alkylene phosphonic es 
ters, alkylene phosphate esters, alkylene sulfonic esters 
or alkylene sulfonate esters and the polyfunctional . 
unsaturated compounds. 
When the electroconductive resin film is formed 

from the composition of the invention by using heat 
rays, the ordinary free radical polymerization initiators, 
for example, organic peroxides (e.g. benzoyl peroxide, 
hydrogen peroxide, methyl ethyl ketone peroxide and 
di-tert-butyl peroxide) and organic azo-compounds 
(e.g. azobisisobutyro nitrile and a-azolbis-l-cyclohex 
anc carbonitrile) are used, and when the energy source 
is actinie rays, the ordinary photo-sensitizers such as 
the organic peroxides (e.g. benzoyl peroxide, methyl 
ethyl ketone peroxide, hydrogen peroxide and di-tert 
butyl peroxide), organic azocompounds (e.g. azobisiso 
butyronitrile and a-azobis-l-cyclohexane carbonitrile), 
organic sulfur compounds (e.g. diphenyl disul?de, tet 
ramethylthiuram monosul?de, tetramethylthiuram di 
sul?de and di-tert-butyl disul?de), organic carbonyl 
compounds (e.g. benzoin, benzoin ethyl ether, benzoin 
butyl ether, benzoin phcnyl ether, anthraquinone, bia 
cetyl, benzophenone, acetophenone and 9 
bromoacetophenone) and metallic salts (e.g. uranyl 
nitrate, silver perchlorate and ferric chloride) can be 
used alone or in a mixtrue of two or more. These poly 
merization initiators are usually used in the range of 0.1 
to 10.0% by weight, preferably 0.5 to 5.0% by weight, 
based on the total weight of alkylene phosphonic es 
ters, alkylene phosphate esters, alkylene sulfonic esters 
of alkylene sulfonate esters and the polyfunctional 
unsaturated compounds. 
When the electroconductive resin is produced from 

the composition of the present invention, it is sufficient 
only to expose the composition to heat rays, actinic 
rays or ionizing radiations. ln heating, the temperature 
may be in the range of 50° to l50° C, and if it is lower 
than about 50° C, the cross-linking reaction cannot be 
brought about, and the ?lm-foamed is obtained by 
heating in the temperature of higher than about 150° C. 
In case the actinic ray is irradiated to form the electro 
conductive resin, the composition is irradiated with the 
actinic ray in the range of 2500 to 6000 angstroms 
wave-length. Further, the resin can be obtained in a 
short period of time by the application of ionizing radi 
ations such as gamma rays, electon beam, etc. Accord 
ingly, the polymerization of the composition of the 
invention can be initiated by means of various methods. 
The electric resistance of the resin obtained by cross 

linking the composition is l X 103 to l X 107 ohms in 
the volume speci?c resistance and l X 103 to l X l07 
ohms cm in the surface speci?c resistance in air having 
the relative humidity of 50%, and this value is from 
one-hundredth to one-hundred thousandth (l/l00 —' 
l/lOO 000) compared with those of the prior known 
electroconductive resins. In addition, the electric resis 
tance of the resin of the invention is not as dependent 
upon the changes of the relative humidity, that is, the 
value in air having the relative humidity of 30% is twice 
or at the most about 5 that at 50%. 

Example A*‘ B“: 

l PhosmeFCl (7.5g) 
2 Phosmer-Cl (l.5g) 

AUT-400E (2.5g) 
AUT-IOOOE (8.5g) 
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In the preparation of the electroconductive resin 

from the composition of the present invention, the 
cross-linking reaction is caused by the exposure of the 
composition to the heat rays, actinic rays or ionizing 
radiation. Therefore the resistance to organic solvent 
and mechanical properties of the obtained resin are 
excellent compared with those of the ordinary solvent 
evaporation-drying type resins. Further, the ?lm can be 
cured in a short period of time and the adhesive prop 
erty of the ?lm is also superior. Still further, the compo 
sition of the invention can be made by using several 
relatively low molecular weight compounds, and there 
fore, there is no fear of gelation, and such low molecu 
lar weight materials can be produced easily. Accord 
ingly the cost of the composition of the invention is 
very low. Furthermore, the composition of the inven 
tion consists of relatively low molecular weight com 
pounds, and therefore resins with wide variety of prop 
erties can be obtained by selecting the amounts and 
kinds of the components, and the electric conductivity 
of the resin can be made uniform. In the preparation of 
the electroconductive resin from the composition of 
the invention, if the actinic ray is irradiated through a 
patterned mask, the cured pattern having the electric 
conductivity can be formed by removing the unir 
radiated portion after the irradiation. 
The electroconductive resin obtained from the com 

position of the invention is also entirely different in 
structure from those in the prior art. Therefore the 
effects of the resin are far better in several points which 
have never been expected. The composition of the 
present invention is especially suitable for coating ma 
‘terial to provide electroconductive paper as well as 
many other uses. 

In the following, the objects and features of the pre 
sent invention will become more apparent in accor 
dance with the Examples, which are intended as merely 
illustrative and in no way restrictive of the invention. 

EXAMPLES l — 60 

Mercury was placed in each Petri dish (10 cm in 
diameter and 1.5 cm in depth) to form a layer of mer 
cury, and the compositions of Examples 1 to 60 as 
shown in Table l, (a) to (f) were poured on each mer 
cury layer, then each dish was covered and stood still 
for about one hour so as to remove the foams. In case 
the solvents were used in the compositions, the covers 
of the dishes were then taken off and the dishes were 
further stood still at the room temperature in order to 
remove the solvents. 
The samples thus obtained were cured by the appli 

cation of actinic rays or heat rays, then the thicknesses 
of the films, surface speci?c resistances and volume 
speci?c resistances were measured, the results of which 
are shown in Table 2, (a) to (c), inclusively. 

In the curing step by irradiating actinic rays, a 400 W 
high-pressure mercury lamp H400P (made by Tokyo 
Shibaura Electric Co., Ltd.) was used at a distance of 
50 cm apart from the surface layer of the composition, 
and the irradiation was continued until each composi 
tion was completely cured. 

TABLE l 

D“3 E“ Solvent 

Benzoin ethyl 
ether (0. l g) 

Acetone (5.0g) 
Acetone (5,0g) 
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TABLE l-continued 

49 SBA (5.0g) _NK-l4G (l2.0g) Vinyl acetate Tetramethyl thiuram —, 
(3.0g) monosul?de (0.2g) 

50 SEM (3.0g) Diallyl phthalate Vinyl acetate Azohisisohutyro- — 
(l3.6g) (3.4g) nitrile (0.2g) 

51 Silver salt of AUT-NPG (8.0g) Butyl acrylate Anthraquinone — 
SEM (l0.0g) (l.0g) (0.2g) 

52 Potassium salt of AUT-NPG (100g) Butyl aerylatc Anthraquinone -— 
SEM (8.0g) (2.0g) (0.2g) 

Example A"I B“ C“ D_*" EM Solvent 

53 SEM (2.5g) AUT~I000E (3.5g) CAP (4.0g) — Benzoin ethyl Methyl ethyl 
ether (0.lg) ketone 

54 Potassium salt of AUT-400E ( l.0g) EC (6.0g) —- Benzoin (0.1g) Methyl ethyl 4 
SEM (1.0g) AUP-600E ( 1.0g) , - kctone (40g) 
SEM (3.0g) 

55 Phosphoric NK~23G (3.0g) VMCH (3.0g) — Benzoin ethyl MEK (20g) 
tetramethylene ether (0.1g) Acetone (20g) 
methacrylate (4.0g) _ . , _ 

56 SEM (l.0g) AUT-l000E (2.0g) BX~L (5.0g) -'- Benzoin (0.lg) Acetone (40g) 
AUT-NPG (2.0g) 

57 SEM (3.5g) AUT-IOOOE (0.5g) NVP (5.0g) _ Anthraquinone Acetone (20g) 
NK-l4G (1.0g) (0.2g) methyl alcohol 

. _ (20g) 

58 Phosphoric his NK-l4G (1.0g) CABP (4.0g) —— Benzoin (0.1g) Acetone (40g) 
(ethylene acrylate) NVP (1.0g) 
(5.0g) 

59 SEM (l.0g) NK-l4G (2.5g) AC (2.0g) — Benzoin ethyl Acetone (l0g) 
silver salt of HEMA (2.5g) ether methanol (lOg) 
SEM (1.0g) Triethyl (0.lg) 
phosphoric ethylene 
acrylate ( 1.0g) 

60 Potassium NK-MG (0.5g) CAP (5.5g) acrylamidc Benzoin (0.lg) Acetone ( lOg) 
salt of 
phosmer-M (4.0g) 

(1.5g) 

' ‘The compounds as disclosed in the column A are alkylene phosphoric esters. alkylene phosphate esters.v alkylene sulfonie esters or alkylene sulfonate esters 
as stated in the initial part of this speci?cation. Each formula or formation of these compounds is further listed in the following Table 3. 
"The I ' ‘ in the ‘ ll are the “ " polyl'unctional unsaturated compounds each of which having two to [our ofpolymcriz~ 
able ethylenically unsaturated groups. The details of these compounds are listed also in the following Table 3. _ I _ V 

“The compounds as disclosed in the column D are the aforementioned polymerizable ethylenically unsaturated compounds. the details of which are also 
shown in the following Table 3. 
"The compounds as disclosed in the column F. are polymerization initiators. 
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Curing Electric Resistance“ 
Light Surface Volume 
lrradi- Film Speci?c Speci?c 
ation Heating Thickness Resistance Resistance 

Example (min) (° C) (min) (mm) (ohm) (ohm‘cm) 

41 5 — — 1.60 86x10’‘ 89x10“ 

42 5 — -—- 1150 3.1Xl0" 3.3X10“ 

43 — 60 30 1.79 396x104 2.96Xl0‘ 
44 5 -— — 0.27 3. 1 X10‘ 1.9Xl05 
45 —- 60 60 0.34 3.4Xl0“ l.7><l0"’ 
46 8 — — 1.45 3.8Xl04 42x10‘ 

47 5 — — 1.38 1.3X10“ 1.1Xl0" 

48 5 — — 1.50 4.1Xl0"' 3.8Xl0"I 

49 7 —- -— 1.31 2.6Xl0‘ 2.1Xl04 

50 — 60 40 1.39 5.8X10"‘ 6.1Xl0” 
51 5 — - 1.22 7.8Xl0" 8.1X10" 

52 5 — — 1.12 5.9)(105 7.7X10"l 

53 l — — 0.74 2.1X105 3.0)(105 

54 1 — — 0.80 3.1Xl0"I 5.3Xl0" 

55 — 60 10 0.67 1.3)(10‘i 6.5X10“ 
56 I — — 0.75 4.0><10G 3.9Xl0‘i 

57 l — — 0.71 2.5Xl06 7.l><l0“ 

58 l — — 0.82 l.2><l0"‘ 5.1><10"’ 

59 — 100 3 0.92 2.5Xl0“ — 

60 — 100 10 0.98 l.0><l06 — 

"The surface speci?c resistance (ohm) and the volume speci?c resistances (ohm.cm) as shown in 
Table 2~(a) to Table Z-(c) were measured in accordance with ASTM D~257-6l by using electrode 
“Type TR-42“ (made by 'l'akeda Riken. Japan) for measuring the ultra-high electric resistance and an 
ammeter (made by Yokokawa Electric Works, Limited. Japan). The measurements were carried out 
at a temperature of 20° C and a relative humidity of 50%. 

TABLE 3 

Abbreviation Chemical Name Structural formula etc. 

Column A 
Phosmer-M Phosphoric ethylene CH;, OH 

methacrylatc | 

CH2=C—|C|—O"'CH2—CH2-O_'li=O 
O OH 

Phosmer-Cl Phosphoric‘l-chloromethyl CH3 
ethylene methacrylate I 

CH2=C—(|TI—O—CHZ—CIH—CHZCI 
O OPOGHZ 

— Phosphoric tetramethylene CH3 OH 
methacrylate | 

Silver salt of Phosmer-M 
Potassium salt of 
Phosmer-M -TEA 

Phosphoric ethylene 
acrylatc 

Phosphoric bisethylene 
methacrylate 

O OH 
Obtained by neutralizing Phosmer-M with silver 
perchlorate, potassium hydroxide or triethyl 
amine (TEA). respectively. 

H OH 
1 l 

O 
CH“ 

OH 

OH 

0 
‘SEN 2~sulfoethylene methacrylate 
SEA 2-sulfocthylene acrylatc 
SEM-TEA Triethylamine salt of 

- 2-sulfoethylene methacrylatc 
SBA 4-sulfobutylene acrylatc 
SEM 4-sulfobutylene methacrylate 

Column B 
AUT-400E -—- Unsaturated urethane compound consisting of: ' 

Z-hydroxyethyl methacrylatc 1 mols, 
tolylene diisocyanatc 2 mols‘ and 
polyethylene glycol (m.w.=400) l mu]. 

AUT-600E — Unsaturated urethane compound consisting of: 
2-hydroxyethyl methacrylate 2 mols. 
tolylene diisocyanatc 2 mols, and 
polyethylene glycol (m.w.=600) 1 mol. 
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TABLE 3-continued 

AUX-600E — Unsaturated urethane compound consisting of: 
2-hydroxyethyl methacrylate ' ‘2 mols. 
xylene diisocyanate 2 mols. and 
polyethylene glycol (m.w.=6>00) _ 1 mol. 

AUP~600E _ Unsaturated urethane compound consisting of: 
Z-hydroxyethyl methacrylate 2 mols. 
diphenylmethane diisocyanate 2 mols. and 
polyethylene glycol (m.w.=600) 1 mol. 

AUT-WOOE — Unsaturated urethane compound consisting of: 
2-hydroxyethyl methacrylate 2 mols. 
tolylene diisocyanatc ‘ 2 mols. and 
polyethylene glycol (m.w.=l000) l mol. . 

AUT-2000E - Unsaturated urethane compound Consisting of: 
Z-hydroxyethyl methacrylate 2 mols. 
tolylene diisocyanate 2 mols. and 
polyethylene glycol (m.w.=2000) 1 mol. 

AUT-NPG — Unsaturated urethane compound consisting of: 
2—hydroxyethyl methacrylate 2 mols. 
tolylene diisocyanate 2 mols. and 
neopentyl glycol 1 mol. ' 

NK~14G -— Unsaturated ester consisting of: 
polyethylene glycol (m‘w.=630) 1 mol, and 
methacrylic acid 2 mols. 

NK-23G — Unsaturated ester consisting of: 
polyethylene glycol (m.w.=1000) 1 mol, and 
methacrylic acid 2 mols. 

AUX-400E - Unsaturated urethane compound consisting of: 
Z-hydroxyethyl methacrylate 2 mols. 
xylylcnc diisocyanatc 2 mols, and 
polyethylene glycol (m.w.=400) ‘1 mol. 

NK—4G — Unsaturated ester consisting of: 
polyethylene glycol (m.w.=200) l mol, and 

2 mols. methacrylic acid 

Abbreviation 

Column C 
SEA 

Silver salt 
of SEA 
SEM 

Abbreviation 

Chemical Name Structural formula etc. 

Sulfoethylene acrylate > I i ' I'll 

‘ ' - . O O 

— Obtained by neutralizing SEA with using 
silver perchlorate 

Sulfoethylene methacrylate CH" 

Chemical Name or Composition etc. 

Cellulose acetate phthalate CAP 
EC Ethyl cellulose 
VMCH Trade name: Vinyl chloride-vinyl acetate copolymcr manufactured 

by Sekisui Chemical Co., Ltd.. in Japan. 
BX-L Trade name: Butyral resin manufactured by Sekisui Chemical Co.. Ltd.. 

in Japan. . 
NVP Copolymcr of N-vinyl pyridine/Butyl methacrylatc/Vinyl acetate 

= 50/25/25 I 

GABP Cellulose acetate -N,N'-di-n-buty1amino-hydroxy propyl ether. 
AC Copolymcr of Acrylic acid/Methyl methacrylate = 50/50. 
HEMA Copolymcr of 2-hydroxyethylacrylate/Methyl acrylate/Butyl acrylate = 50/20/30. 

EXAMPLES 61 — 71 

Glass plates were adhered with polyester ?lms 
(“Tetoron" Trade name) and further provided with 

and had the beam-density of 50 aA/cm2 at the surface 
of the composition. The results of the measurements on 
the thicknesses, surface speci?c resistances and volume 
speci?c resistances which were carried out in same 

rubber-made frames. The compositions as disclosed in 55 manner as the former Examples, are shown in the fol 
Table 4 are poured into the frames, respectively. Then,‘ 
each of the compositions was irradiated with one M rad 
dose of electron beam which had an energy of 250 KeV ‘ 

lowing Table 4. 
In Table 4, the abbreviations for the components of 

the compositions are the same as those in the foregoing 
Table 3. 

TABLE 4 

Electric Resistance 
Surface ' Volume . 

Film Speci?c Speci?c 
. Composition Thickness Resistance Resistance 

Example A B C v ' (mm) (ohm) (ohm‘cm) 

61 Phosmer-Cl (3.5g) AUT-400E(5.2g) Ethyl acrylate (1.3g) 0.10 2.7Xl0' 6.8Xl0“ 
62 Phosmer-Cl (5.0g) AUT-4OOE(4.0g) Ethyl acrylate (1.0g) 0.12 l.8><l05 l.2><10’i 
63 Phosmer-M (5.0g) AUT-400E(4.0g) Ethyl acrylatc (1.0g) 0.10 6.0Xl0‘ 2.4><l05 
64 Phosmer-Cl (3.5g) NK-l4G (5.2g) Vinyl acetate (1.3g) 0.11 8.3><104 33x10“ 
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TABLE 4-continued 

Electric Resistance 
Surface Volume 

Film Speci?c ' Speci?c 
Cqmm?jm] Thickness Resistance Resistance 

Example A B C (mm) (ohm) (ohm-cm) 

65 l’hosmer-Cl (5.0g) NK-l4G (4.0g) Vinyl acetate (l.0g) - 0.18 35x10‘ 2.5Xl05. 
66 Phosmer-M (3.5g) NK-l4G (5.2g) Vinyl acetate (1.3g) 0.ll 6,4)(10‘ l.9><l()"' 
67 Phosmer-M (5.0g) NK-‘MG (40;) Vinyl acetate (l.()g) ().l2 2.3><l()4 8.7Xl0‘ 
68 Phosmer-M (2.5g) AUT-40()E(3.2g) Ethyl acrylate (0.8g) 0J6 2.l><l()-" 5.l><l()'" 

NK-l4G (2.0g) Vinyl acetate (0.5g) . 
69 SEM (0.3g) AUT-400E( 136g) Ethyl acrylate (0.34g) ().|5 4.2Xl0‘. 3.9Xl05 
70 SEM (0.1g) AUT-4OOE( l.52g) Ethyl acrylatc (038g) O.l9 l.2Xl0‘ 2.7><l()5 
7l SEM (0.3g) NK-MCI (1.36g) Vinyl acetate (0.34g) 0.22 3.8><l()‘ 2.7><l()5 

EXAMPLE 72 1. An electroconductive composition WhlCh com 

ln this example, the relation between the relative 
humidity and the electric conductivity of the electro 
conductive resin wasmeasured. 
A composition comsisting. of: 

phosmer-M 5.0g, ‘ . 

AUT-lOOOE 5.0g (both aforementioned), 
benzoin ethyl ether 0. lg as the photosensitizer, and 
acetone 5.0g as the solvent 

was mixed well, and poured on the mercury layers in 
Petri dishes (10 cm in diameter and 1.5 cm in depth) 
like those in the foregoing Examples 1 to 60. The foams 
and the solvent in the composition were then removed. 
Thereafter, the‘ actinic rays‘ were irradiated to the 

above samples in the same manner as in the foregoing 
Examples 1 to 60 for 5 minutes. Each electric resis 
tance was measured in air having the following respec 
tive relative humidites (20%, 50% and 79.2%), in 
which the temperature was kept at 20° C, and the result 
of which is shown in the following Table 5. The thick 
nesses of the formed ?lms were 0.87 mm. 

v TABLE 5 

Relative Humidity 20% 50% 79.2% 

Surface speci?c ~ 2.5 X 10“ 4.1 X 10‘ 2.1 X l0‘ 
Resistance (ohm) , J ., . 

Volume Speci?c ’ 
Resistance (ohm'cm) 4.] X l0“ 8.l X l0‘ ' 'l.3 X [0‘ 

Controllings of the relative humidities was carried 
out through the following methods. 

a. Relative humidity: 20% 
The Petri dish was placed in a desiccator which con 

tained a saturated aqueous solution of CH3COOK (po 
tassium acetate). 

b. Relative humidity: 50% 
The sample was left intact in the laboratory wherein 

the relative humidity was 50% and the temperature was 
20° C. 

c. Relative humidity: 79.2% 
The samples was placed in a desiccator which con 

tained a saturated aqueous solution of NH4Cl (ammo 
nium chloride). 
As will be understood from the above results, the 

electroconductive resin of the present invention is not 
susceptible to the change of the relative humidity, for 
example, the electric resistance at RH. 50% is only two 
or six times as compared with the value at R.H. 79.2%. 
What is claimed is: 

20 

25 

30 

40 

45 

55 

60 

65 

prises: 
A. at least one alkylene phosphoric ester, alkylene 
phosphate ester, alkylene sulfonic ester or alkylene 
sulfonate of acrylic acid or methacrylic acid, repre 
sented by the following formulae: 

in which R1 is hydrogen or a methyl group, R2 is an 
alkylene group having 1 to 4 carbon atoms, R3 is an 
alkylene group having 1 to 5 carbon atoms, and 
each M1 and M2 is' hydrogen, a monovalent metal, 
ammonium or monoamine, and 

B. unsaturated polyester of acrylic acid, methacrylic 
acid, a-chloroacrylic‘acid or a-bromoacrylic acid, 
and ' polyhydric alcohol having 2 to 4 hydroxyl 
groups,'said polyester having at least two polymer 
izable ethylenically unsaturated groups. 

2. A composition as claimed in claim 1, in which said 
alkylene phosphoric ester of acrylic acid or methacrylic 
acid is a member selected from the group consisting of 
phosphoric ethylene acrylate, phosphoric ethylene 
methacrylate, phosphoric trimethylene acrylate, phos 
phoric isopropylene methacrylate, phosphoric trimeth 
ylene methacrylate, phosphoric tetramethylene metha 
crylate, phosphoric l-chloromethylethylene methacryl 
ate, phosphoric-bis-t-ethylene acrylate), phosphoric~ 
bis-(~ethylene methacrylate), phosphoric-bis-4 
trimethylene acrylate), phosphoric bis-i-isopropylene 
methacrylate), phosphoric-bis-Hrimethylene metha 
crylate), phosphoric-bis-l-tetramethylene acrylate) and 
phosphoric bis-i-tetramethylene methacrylate). 

3. A composition as claimed in claim 1, in which said 
alkylene sulfonic ester of acrylic acid or methacrylic 
acid is a member selected from the group consisting of 
sulfomethylene acrylate. sulfoethylene acrylate, sulfo 
ethylene methacrylate, sulfotrimethylene acrylate, sul 
foisopropylene acrylate, sulfotrimethylene methacryl 
ate, sulfotetramethylene acrylate. sulfobutylene metha 
crylate and sulfopentamethylene acrylate. 
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4. A composition as claimed in claim 1, in which said 
alkylene phosphate ester or alkylene sulfonatc ester of 
acrylic acid or methacrylic acid is an ester prepared by 
neutralizing the alkylene phosphoric ester or the alkyl 
ene sulfonic ester of acrylic acid or methacrylic acid 5 
with inorganic or organic base. 

5. A composition resin as claimed in claim 4, in 
which said inorganic base is at least one monovalcnt 
metallic base selected from the group consisting of 10 
sodium hydroxide, lithium hydroxide, potassium hy 
droxide and silver perchlorate. 

6. A composition as claimed in claim 4, in which said 
organic base is at least one aliphatic or cyclic mono 
amine selected from the group consisting of monoethyl 15 
amine, dimcthyl amine, trimethyl amine, monoethyl 
amine, diethyl amine, triethyl amine, n-butyl amine, 
monoethanol 
amine, pyridine, aniline, morpholine and piperidine. 

amine, dicthanol amine, triethanol 

7. A composition as claimed in claim 1, in which the 20 
amount of said ester is in the range of 5 to 95% by 
weight_ 

8. A composition as claimed in claim 1, in which said 
polyhydric alcohol having two to four hydroxyl groups 
is at least one member selected from the group consist 
ing of ethylene glycol, diethylene glycol, triethylene 
glycol, neopentyl glycol, polyethylene glycol, propyl 
ene glycol, polypropylene glycol, trimethylol propane, 
glycerine and pentaerythritol. 30 

9. A composition as claimed in claim 1, in which said 
unsaturated polyester is prepared by reacting 1.0 
equivalent of the carboxylic group of said acids with 
1.0 to 2.0 equivalent of the hydroxyl group of the poly 
hydric alcohol having two to four of hydroxyl groups. 35 

10. A composition as claimed in claim 1 further com 
prising: 
C. at least one polymeric ?lm-forming agent selected 
from the group consisting of polyvinylalcohol; co 
polymer of Njvinylpyridine, butyl methacrylate 
and vinyl acetate; butyral resin; copolymer of vinyl 
chloride and vinyl acetate; copolymer of acrylic 
acid and methyl methacrylate; copolymer of 2 
hydroxyethylacrylate, methyl methacrylate and 
butyl acrylate; cellulose ester, cellulose ether, and 
cellulose-ester-ether, 

50 

55 

60 

65 

E. a polymerication initiator. 

20 
D. at least one polymericable ethylenically unsatu 

rated compound selected from the group consisting 
of: 
a. styrene and its derivatives of the formula: 

in which R6 is hydrogen or methyl and R7 is hy 
drogen, methyl or chlorine, 

b. acrylic or methacrylic monomers of the formula: 

in which R“ is hydrogen or methyl, and R9 is 
hydrogen, alkyl of l to 16 carbon atoms, hydrox 
yalkyl group of 2 to 3 carbon atoms, glycidyl 
group and dialkylamino alkyl group 

in which R“ is alkylene of 1 to 2 carbon atoms 
and RH is alkylof l to 2 carbon atoms) and 

c. vinylidene compounds of the formula: 

RIII 

in which R12 is hydrogen or methyl, and R‘3 is 
nitrile, carbomoyl, N-methylocarbamoyl, al 
kylether-N-methylolcarbamoyl (—CONHC 
HZOR“, in which RM is alkyl of 1 to 4 carbon 
atoms) or acetoxy, and 

* * * * * ' 


